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ABSTRACT:
ASC !Es&l':!t'=

The results th!s month are of very dowtful valus, wWe had not taken the
precaut{on of purifying the air used during equilibration since the compressor
{ntake was {n & non-vapor contaminated area in a room mmy fros sny other
operstions. During much of the equilibration in this ner{ed the compressor
room was being psinted and, unfortunstely no one thought about carbon con-
tamination until an axplanation for unexpected results was necessary. We

are reporting the results obtained, but feel that the only conclusion {8

that organic vapors make all the ageing materials give squivalent results.
This in {tself !s ratter {nterasting, If we knev what to make of {i.

Mustgyrd:

Calculations were made on the amount of mustard adsorbed to ge* a monomoleculmr
layer on PCC CWS oarbon and then ths amounts adsorbed assumiry no sda~rption
fee pores below designated diameters. This would give us an {dea as to whag
effect impregnants could have on desorption by occupying pores and, secondly
vhat part of sny mustard loading might be expected to be in outer pores. The
mustard molecule was assumed {o be cudlc snd have normal liquld density.
Using avaiinbie arem from 10 A pores and up 67 g. of H/100 g. of C would

give 8 monofilm, from 16 X pores and wp 53 g., 20 L and wp 14 g. of H,

30 £ and up 3 g. of H, etc., We have studied desorption at H loadings from
atout 5 to 50 g./100 g. of C. As an spproximation complete vold or pore
£{1ing would be around 110 g. of H/100 g. of C.

A mmber of I{mpregmations mnd treatments were given carbon and mustard
desorption messured from them. About the szme resulta ms have been previously
reported resulted., Impregnants generally increass the desorption rate. Trest.
ments with aqueous mcid solutions were generally beneficial, hewever, The
results vith nonevolatile acids where ac!d was reteimed by the cmrdon, {.e.,
H,30, and HaP(, gave ¢nly modepmte te no eifect. The volatile acids HCI,

HNOy, CHJCOGH guve definite {mprovement in most cascs., In the latter case

no acid wvas retained as measured by waight change of the carbon. Acids
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abgorbed in the pore structure probably balance the surface effect by ‘occupying
space otharwise available for mustard. Of course, we are measuring rate of
reaction more than equilibrium so diffusion from inner pores would preazwumably
alvays show reduced rates by our method.

| ASC whetlerite, V,0s, Hg(CN),, HgBr,, MoOs all showed increased desorption as
| did ethanolamine and sulfamic acid. Of the volatile acids, HNO; showed the
least desorption after = long time. If any nitric acid were retained it would
axi{dize mustard., The carbon ash nitrates might also oxidize amustard. Since

the {nftial rate wvas the same as HCl and acstic acid thcre would be no advantage
in the use of nitric acid,

On the possibility that acid washing removes ash which incremsed dascrption,
strong HC1 solution vas ussd several times on carbon. No increased benefit
was obtained,

CONCLUSIONS:

1. Several i{norganic salts or oxides had the same general effect as orgenic
materials {n incremsing the desorption rate of mustard from carbor.

2. Treatment of carbon with volatile acids decreases the desorption rate,
vhile treatment with non-volati{le acids have only minor effects.

RESW.TS:
AC wWhetler{te:

The whetlerites tested this month were described last month., Equi{libration,
ageing and testing were done under standard test conditions already described.
Equilibration at RH to constant weight takes around 20 + hours, so we
normally run for Ll to L8 hours, Alr flow Is about 3.5 1./min. and thus around
10,000 1liters of air mre used. During the period of last month the room con-
talning the compressor and the laboratnry was being peinted, The effect of
organic vapors on carbon {8 obvious and we have always been cureful {n makeeup
and drying to avoid any contamination, CK tests are run {n an area where no
organic work is done and {t was felt unnecessary to treat the air., For some
reason the paint solvent problem did not occur to us until sfter the tests,

As can be seen {n Figure 1 and Table I, results indicate no advantage of soda
ash treatment as di{d earlier data. However, againg at 50°C. was more saevere
than usuml, At present we are asswming that adsorbed organic vapors have
changed the picture and are making no conclusions.

Chrowate amalysis are not complete in this serfes, Those available are reported
in Tanle II, Ye hesitate to draw concluglons from them but there {s an indi{ca-
tion that Cr*eé reduction during ageing is not +the reason for the resuits on CK
1{fe and that another effect such us the paint solvent adsorpticn {s responsible
for our results.,




i

!
¢

. 1;“/,(;&&::-‘) T
0\ AGab & DAYS Nr SO

Ps

o Hobes,

4.iRBED 2

!
¥
i

?&f«}—:«p‘—ﬁ s P
s Az 0 AL Hovks BT

i
a
'
1

IR I
RN SR

PN

v

_;F{ 5 i 7:__. T

- -‘Wi S jO : S
B
SN0 T P

.»f 0 ,.- N : . . .

<3 ¢ 3 % §

Bl W N N

T N 53 Sy

- — . . . ! . .- . " . .. - .
S i

[ SR PR D B SR

g

S

[~ <}

!

S

Nt

8

3 S M
T

[ STRCOR S

or PryC

|
t
|

y
SN

6‘73 R

>
L 4

P
¥

v
)
s

/

1
[T
i

E
3
v

Y
0.48%.
O

r

.'//

{

N
t

re'

2% Ay

R
"{" 5‘/ s
O

0.
' 1U“ - /}V

5 @

i

L
-

b

4 7 reond

Ni(/‘lf“ 2 4?
.

v

s . ...i.“;‘.
I

SO
co
R
¢
s
Jet

SRR

-

=




TABLE I ;
CK TUEE TESTS
Bed Zgquil. . Correcvted

Depth Mg. tfefght Life

ample cm. CX q. m{n.
ASCN-4 (Standard Solution plus e 5.0 721 9.3 158
2% Na,COg) Inftiml Life . 6.0 958  11.L325 i53.5
Aged 2/ hours at 65°C, . 5.0 LLS 11.4L176 71.3
. 9.0 870 17.1239 139.5
. 9.0 614 18.9921 95.3
- 11.0 oLl 20,7683 ic1.2
Aged 2.5 hours at 65°C. 6.0 338 11.5377 SL.1
ASC-S (Standard Solution) . 6.0 463 11.2594 74,1
Aged 2 hours at 65°C, . 7.7 721 14.LA98 115 4
- 9.0 977 16,882~ 156.6
Aged 2i,.5 hours at 65°C. 6.0 Lo1 11.4236 6i.1
8.1 623 15,3796 99.6
ASCN-6 (Standard Solutfon plus . 6.0 328 11.272) 52.6

0.8% Na,CO5) Aged 2L hours at 65°C, e i0. 1048 18.8854 {r.
Aged 2L.5 hours at 65°C, (.0 366 11.6842 GRS
7.8 638 15,1243 102.4
Aged 6 days at SO°C. . 6.0 2% 11.3736 5.5
ASCN-7 (Standard Solution plus . 6.0 250 11.979¢ L0.0

8.2% NalH) Aged 4 days at S0°C,

e Designates samples equilibrated while painters were {n bullding,

Above tests run &t 60-80 RH, 1.56 lpm, ;.00 mg. CX per liter

Tube cross gection = 2.77 sq. cm.

fﬂg. CK Net
per  Yeight
~f. Change. m

75.6 - 91.8
83.8 - £2.8
29,0+ 69,8
50.7 + 88.8
36,1 +158.9
5.5 +250.3
29,2  +101.,1
41,1  + 53.3
49.9 + Bu.3
57.6  +100.5
35-1 -

)-loo; -

28.1 «+ 80.8
ge. i +235.6
3101-1 -

L2.l -

2;00 -

20.9  + 33}

SRz




ASC-Z
ASCH<6
ASCN-{

ASCHN-3
ASCN-7

TABLE II

CHROMATE ANALYSIS

',K Cr03 % Cro:s % CTOS % Cro:
Unequili- Aged 6 days 50° Aged 24 hours 65° Aged 24 heurs 80°
Z Na,CO4 brated AR Dry AR ' by AR Dry
0 2,22
0.8 2.08 1.53 1.7k -
2 2.05 1.29 1.6 1.64 ,
"1.30 1.57
(24.5 hrs.
S 1.95 ' 0.56 0.88
10 3.08 1.78 1.88 0,62 0.86

The vhetlerites were leached by shaking three hours in 100 ml. 7N MH, CH.
Diiutions were made and optical density read on spectrophotometer. The
results wvere corrected to & dry weight basis by drying dupiicate samples
and deterni{ning amounts of moisture present.

Results are expressed as percent Criy.

Mustard:

For purposes of general {nformaticn calculat{ons were ssde to find the asownt
of mustard adsorbed on CWS carbon sdsuming & monomolecular film on the surface.
The carbon surfuce area was taken from the pore diameter, cumulative surfhce
area curve determined from the water adsorptici isotherm, the amount of
H adsorbed from the area available on pores above 10 R, 15 £, 20 4 diameter
wag detarmined and the results are plotted in Figure 2.

The volume of one molecule of mustard assuming normal iigquid density {s

207 cubic Angstroas. Asswuming cubic form the area of one fase¢ is 35 X2 and
the side {3 5.9 A. Sinee 67 g. of H as a monolayer can be picked up by

100 g. of carbon on pores above 10 X diamster, {t should be possible to make
mustard adsorption irreversible at room temperature by surface treatment of
the carbon., However, pore plugging would have to be avoided and the preferred
sitwation wvould be alterution of atoms only. For example, removing any polar
bonds so that the athylene group of the H would be held by C.
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MUSTARD:
Procedure:

A. The samples for this month, consisting of inorganic: impregnants, acid dips,
eci{d washes and organic {mpregnants were prepared following the procedure
outlined in Monthly Report No. 5. This procedure should be corrected In
that the samples were dried overnight rather than for threa hours.

The adsorption of musterd was completed by placing the carbon treated simple
fn flat glass containers and then ir a desiccator over mustard.

B. The rate of water desorption of austard wvas determ{ned following the procedures
reported in Monthly Report No, L,

Results:
RXEB

The following tables summarize the results of the desorption runs using various
loadings and dipping solutions., The figures are graphical interpretations of
the same tables. The reference lines for ordinary CWS carbon at 10% and 20%
mustard loading were taken from Monthly Report No, S, Figurs L,

Due to an error in selection of carbon, samples of whetlerit: were impregnated
vith varfous concentrations of thiodiglycol. Upon placing these sz:ples in an
oven for drying, {t was found that a reaction had taker place for, the carbon

wvas completely ashed at s temperature below 105°C.

TABLE III

DESORPTION OF MUSTARD FROM CARBON (WHETLERITE)

Whetleri{te - 2,0000 g
nHu - 0.4057 g HE = 20.3%
Hz(-) - hOO [+ o3

Sample Time WH" Desorbed "H* Desorbed
No, Min, Mq. Wt, €
1 60 25.8 6.0
2 70 25.4 6.3
3 130 39.9 9.3
b 205 52.9 13.0
5 265 60,7 15.0
6 335 69.0 17.0
7 390 4.2 18.3
@ L50 77.1 19.0
7 1515 102.6 25.3




TABLE IV

DESORPTION OF MUSTARD FROM CARBON (Dipped in 10% ¥¥‘M91>Solutionl :

CWS Carbon - 1.9330 g.
NH 4104 -~ 0.0629 g.
wyn - 0.78300 g. =« H/C = L0.27
H,0 - 400 cc.
Sample Time "H'" Desorbed "H" Desorbed
__No. Min. Mg. . '
1 20 k1.7 5.4
2 80 89.1 1L.4
3 155 125.5 16.1
L 215 139.2 17.8
S 275 178.3 22.9
6 335 190.8 2L.5
7 1450 340.5 k3.7
TABLE V

DESORPTIQN OF MUSTARD FROM CARBON (Dipped in 10% Hg(CN), Solutfon;

CWS Carbon - 1.713 g.

Hg(CN), - 0.291 g.

"H" - 0.2625 g. « HC = 15.3%
H,0 - L0O ce.

Sample Tine "H" Desorbed "H" Desorbed
_Xo, Min, Mg. Wt, %
1 Ls 1.6 L.0
2 120 17.0 6.4
3 180 19.1 7.3
L 2Lo 23.9 7.1
g 300 26.3 10.0
4 360 31.5 12,0
7 1470 L9.l 18.8




TABLE VI
DESORPTION OF MUSTARD FROM CARBON (Dipped {n 10% HgBr, Solution)
CWS Carbon - 1.596 g.
HgBr, - 0.40L4 g. - HgBr, £ = 25,3%
myn - 0.2696 g. - HAX = 16.9%
Hzo - hOO CcC.

Sample Tine WYH" Desorbed " Desorbed
No. Min, Mg, Wt, %
1 30 5.3 1.7
2 60 6.7 2.5
3 120 10.1 3.7
4 180 10.8 e
5 240 14.3 5.3
G 300 17.6 6.5
? 360 15.9 7.4
8 1325 31.6° 11.7
% 1385 32.9 12,2

TABLE VII

DESORPTION OF MUSTARD FROM ASC WHETLERITE

Whatlerite - 2,0027 g.
Mustard - 0.8410 g.

(KA = }42.1%)

Vater - 400 ce.

Sample Time "H® Desorbed ¥H" Desorbed
No. Min, ag. Wt %
1 35 11,6 16.8
2 95 217.8 25.8
3 125 2u6,1 29,2
L 1141 375.9 Lh.S
3 1186 317.9 ul .8
£ 1291 385.6 L5.7
7 1506 399.7 L7.3
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TABLE VIII

DESORPTION OF MUSTARD FROM CARPON (Dipped in CUCO3'Cu(OH2) Solution
Basig: - 10% Cu present)

CWS Carbon
Cu

NH"

Water

1.8017 g.

0.2013 g. = Cuf = 11.15%
0.3519 g. -~ HA = 19.5%
400 ce, .

Time "H" Desorbed "H" Desorbed
Min. Mg. . . Wt, %
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TABLE IX

DESORPTION OF MUSTARD FROM CARBON (Dipped {n 10% (NH.); MoC, Solution)

CWS Carbon 1.70h g.
(NH, ), MoO, 0.30% g.
wH 0.2615 g. - HA = 15,42
LXO ce,

H,0

Sample Time "H" Desorbed 7H% Desorbed

Min. Ng. Wt, %

35
65
140
200
260
20
1440
1500
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TABLE X

DESORPTION OF MUSTARD FROM CARBON (Dipped in 137 Sthanolamine Soiution)

CWS Carbon = 1.8500 g.

Zthanolamine - 0.1559 g.

nHn - 00,3476 g. - HE = 18.8%

Vater - LO0 ce.

Semple Time UH" Desorbed” © "HY Desorbed
No. Min. 9. Wt., % ‘
1 15 6.95 2.0
2 Ls 11.%9 3.4 :
3 75 17.2 .95
L 130 25.9 7.470 ;
5 208 32.4 9.3 f
6 280 39.6 1.4 ;
7 340 Lé. L 13.4 :
8 100 49.8 1.3 |
i
TABLE XI

DESORPTION OF MUSTARD FROM CARBON (Dipped in 18% Sulfumic Acid Solution)

CWS Carbon - 11,7190 g.
Sulfemic Acid - 0.2389 g.
" - 0.3715Lg. « HAE = 21,8% i
Water - LOO cec. i
Sample Time "H" Desorbed "H* Dasorbed |
No. Min, Mg. ¥, % 3
!
1 15 10.2 2.7 !
2 LS 16,4 L.l ;
3 100 22.1 5.9
L 182 29.4 7.8 :
S 235 33.6 8.9
6 29; 3609 '958
7 335 Lo.?2 10.7
8 L1s 42.1 1.2
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TABLE XI1

DESORPTION OF MUSTARD FROM CARBON (Dipped {n 10% H,S0, Solution)

CWS Carbon 1.879° g.- o

H,S0, - 0.156i g. = H,S0,4& = 8.3%
WH" - 0.3719 . - H/C « 19.8%
H,0 - 400 cc, ‘

Saxple Tine "H" Desorbed "H" Desorbed |
No. Min. Mg.- Wt, %
1 60 8.3 L.9
2 120 23.1 6.2
3 240 28.2 7.6
L 300 27.7 7.5
S Lés 34.7 9.3
6 575 36.4 °.8
7 1785 g3.1 ib.3

TA I
DESORPTION OF MUSTARD FROM CARBON (Dipped in 20% H,SO, Soiutiog}
Hzm‘ - O-';h g. - H 504,/C- - 36@7%
" -~ 0.3280 g. - HA = 22,3%
H,0 -~ 400 ce,

Sample Time "HY" Desorbed "U* Degorbed
No, Min, Mg. Wt %
4 30 - -

2 €0 14.9 h.é
3 92 14.6 4.5
L i 16,0 %.88
5 11056 18.6 5,67
7 1215 1.k £.5
8 1555 20.9 a4
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TABLE XIV

DESORPTION OF MUSTARD FRO CARBON (Dipped in 10% H.FO, Solution)

CWS Carbon - 1-73CU gt

HsPO, - 0.277 g. =~ H3PO,/C « 16.07
THY - 0.2633 g. - HAE =15.2%

Sample Time "HY Degorbed I Desorbed
No, Min, Ma. Wt, %
1 35 L.l 1.v
2 95 6.7 2.5
3 155 7.4 2.8
L 2ko 8.9 3.h
5 300 9.5 3.6
6 360 ic.s .0
7 420 11.5 L.k
8 1435 i3.8 g.3
9 1480 1L.6 5.5

TABLE XV
_DESORPTION OF MUSTARD FROM CARJON (Dipped im HCi Selutiom)
C¥S Carbon - 1.8458 ¢.
ml - -
myn - 0.3878 3. - HA = 19.:%
Hzo - hOO cc.

Semple Time "H¥ Desorbed WH" Desorbed
No, ¥Min. Mg. wt., %
1 30 3.2 0.83
2 75 4,0 1.0
3 165 4,0 1,6
kL 225 7.4 1.9
5 289 8.0 2.1
6 350 9.1 2.3
7 1350 23.3 .0
8 110 23.9 6.2
9 1515 C2h.e £
12 138 25.9 6.7



TABLE VI

DESORPTION OF MUSTARD FROM CARBON (Dipped in HAc Solution)

1.9995 -g.

0.3462 g. = HA = 17.4%
hoo cc.

CWS Carbon
HAc
IIHH
H,0

i

Desorbed

wyn Dqs@rbed
Wt, ¥

Mg.

Sample i

[y
o

*
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SJABLE XVIL
DESORPTION OF MUSTARD FROM _ARBON (Dipped in 10% HNO. Sclution)

CWS Carbon
HNO+
RHN
H,0

2.00L6 3.

0.585'3‘ -« HE = 19.2%

4o0 cc.

"H" Desorbed
Wt %

Time
Min.

Sample "H" Desorbad

Mg.

30

90
140
215
275
335
395
48
1435
1,9
1559
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TABLE XVIII

" DESORPTION OF MUSTARD FROM CARBON (Washed 3 :imes with conc. HC L)

CWS Carbon - 1.,9992 g.
"y - 0.3811¢g. - H/C = 19.1%
Hzo - LlOO cc.

Tims v Desorbed wH{" Desorbed
¥in, ¥Mg. . voWe, %

30
60
120
150
215
275
335
189
1335
1395
1488
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TABLE XVIX
DESORPTION OF :{USTARD FROM Dipped in 10% HC1 Solutfon)
CWS Carbon - 2.0011 g.

wyn - 0.3684 g. -~ HA = 18.L%
Hzo - )JOO ce.

Time WH" Desorbed ni® Degorbed
) Wt. %

=
o)

Min,

60
90
120
180
240
300
1170
1230
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DESORPTION OF MUSTARD FROM CARBON (Dipped {n 10% HC1 Solution)

ZWS Carbon - 2.0239 g.

Hpn - 0.1932'g. ~ H/AC = 5.6%
H,0 - 40C cc.

Sample Tizme "H® Desorbed . - "H" Desorbed
No, Min, “Mg. Wt, % ‘
i 21 0.6 0.3
2 €0 1.4 0.7
3 180 1.8 1.0
L L0 2.7 1.4
5 360 - 3.95 2.1
6 1315 iu.7 7.6
1 1365 5.1 7.2
8 1390 6.4 8.5

TABLE XXI

DESORPTION OF MUSTARD FROM CARBON (Dipped in 10% HNO. Solution)

CWS Carbon = 2.0023 g.

" - 0.2158 g. - H/i » 10.8%
Hzo - bm €c.

Sample Time YH" Desorbed "H" Desorbed
No. Min, M3, wt. %
1 23 6.6 3.C
2 60 S.h 2.5
3 180 11.1 5.1
L 21,0 13.8 6.k
5 300 16.3 7.6
395 19.5 5.1
7 1420 39.3 18,3
g 1480 L0.1 i¢.é
9 1535 39.8 18,9
10 1620 3 17.8

Y
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DISCUSSION:

ASC Whetlerite:

As stated in the Abstract, comments on the data on ASC Whetlerite sgeing this
sonth can be only negative. While we have not proved thit organic sriveat
contamination wvas the cause of the disconcerting results obtained, [t certainly
i{s = very likely posgibility. Painting in ths compressor room was {; prugress
during all the equilibrations after the initiai tests. Equilibratior at %‘% RH
tokes LU to 4B hours at sbout 3.5 1./min. so around 10,00C liters of ton!amipated
air was used. We have placed a large carbon absorber {n the air lint: to avoid
this in the future. ; ”

Hg!tlrd:

Water soluble organics such as ethanolamine, dimethylamine uni pyrid‘me preiabiy
increase the rate of mustard desorption {n water by Increasing the m.:tard solu-
bility particularly at the water interface. The impregnation with muterials
such as ammonium vanadate and asmonfun molybdute whers the sait {s dicomposed
to the oxide or hydrated oxids lezves solids which would either fill or plug
fnner pores. Their effect {s probably more {n this area than In chenging the
picture at the water mustard interfacs. '

In the case of non-volatiie acids such as suifuric and phosphoric t™r acids on
drying retreat to the inner pores, the last part to be dehydrated, arl thus
occupy the areas where desorption {s slowest. Presumably the 2ther carpon
surface wrs benefited by acidification and the two effects balancs.

Since CUS Carbon is exposed to air at relatively high temperatures sfter acti-
vation, one can presume the surfuce to be oxygenated, It is known :hat hydrogen
treatment makes the surfuce more hydrophobie and CO, or O, mors hydrophilie.
While hydrogen fon would be expected to make the surface more hwdrerhilic it
would probably haw more tendency to bond with the negative Ci on mustard.

At any rate, the effect of washing with volatiie acids appeurs definfte and
vhile not sufficfent to prevent desorption Pt is a lead., Ws expect to try

fon exchange resins and CWS Carbone aiter hydrogen tresiment {n the near
future,
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